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THE ION FUNCTIONS OF ONE-DIMENSIONAL ACTIVE PLASMA LAYER

OF HIGH-CURRENT GAS DISCHARGES

Vladimir P. Shumilin

All-Russian Electrotechnical Institute. Krasnokazarmennaya, 12, Moscow, 111250, Russia.

Active plasma layer (APL) is a quasineutral plasma area bordering with cathode space charge
layer. All generated in APL ions get to cathode. In [I] it has been shown, that in intensive
discharges there is a multiple gas compression in APL. In the present work the important
characteristic of discharges, Py, equal to number of ions coming on cathode in recalculation on

one neutral flying from cathode is considered. The dependence of this value on parameters of
discharge is named an ion function. The low-voltage case, when energy of cathode electrons does
not exceed several neutral ionization energies, and the high-voltage case, when density of primary
electrons current in APL is supposed to be a constant, but their average energy changes only, are

discussed.

1. One—dimensional APL

Let there be emitted an electron current with density
Jjoo = j.(0) and a neutral flow with density g =4(0)

and average directional velocity v =0.5,/8T0/ M,
" along an axis x, which is normal to a flat homogeneous
surface of cathode, where Ty - temperature of cathode
in energy unities, M - neutral mass. Ions with current
density j;(x)=0 and neutral flow with density
gpack (x)=0 move to cathode. Neutral backflow is
caused partly by resonant charge exchanged ions
- (x)), partly by presence of gas on anode boundary
of APL (g, (x)).
Obviously, in stationary APL the conservation of heavy
particles flow takes place
. O(x)~Opack (x)— Plx)= D = const, )
where neutral flows are normalized to quantity ¢g;
P(x)=j;(x)/eqq; e - the elementary charge. If D=0,
we deal with an non-consumed operating mode of
cathode. When D <0 cathode immerses gas, if D>0
material of cathode is constantly spent.
Let's write down a simplified system of the continuity
equations for neutrals and ions, and the equation for
energy flow of primary electrons in APL

dN /ds = —o(V )KN ~BPN , )
o 'dN,, / ds =—a(V )KN,, —BPN,, , 3)
dP | ds =—o(V )K(N + Npser ) @
d(KV)lds =w(V )dP!ds )

where o)=vo/vg="T0/T ; vg=0.51/8Tg/1tM -

average velocity of directed to the cathode neutral flow
in the region of anode boundary of APL; neutral

densities are normalized to quantity ng (go = ngvg );
s=nyG,,x; G, - the peak value of electron-neutral
jonization cross-section; )=y?/46% ¢&ls) - average
primary, accelerated in cathode space charge layer,
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electron energy; ¢; - neutral ionization potential;
OL(V)= Gi(V)/Cm; B=0,/0,; G,-(V) and 6, -
ionization and resonant charge exchange cross-sections,
respectively; K = j, (s)/eqo; wW)=w() ep;; wlv )
- average energy a primary electron spends for one act
of ionization. Thus we consider, that all ion current
acting on cathode is generated due to ionization by
primary electrons in APL, and neutral "burning" occurs
due to ionization by primary electrons and resonant
charge exchange processes. Slow electrons ionization
and recombination processes in APL are neglected.

From (2) and (3) we shall receive

N, =o([1-D)YI1/N)®, where I1=Q(s,) - normal
transparency of APL (I120; II=D); s, - APL
thickness, so taking (1) into account we shall have
N+Npuer = kN +(0+1-kXTT-DXT1/N)® -
~(k-1)P+D) |
where k=1+vg/u; u - average velocity of charge

(©)

exchanged neutrals (u > vy 2 vy ).

In the ionization mode (when iy <<liy, , where
iy = Jio! Jep» and iy, - the peak value of iy, achievable

at the complete cathode electrons relaxation in APL) the
flow of charge exchanged neutrals in APL is small,
therefore, by setting in (1) Qg =0, we find
P(N)=N —(1- DXt1/N)® - D, and since P(1)= Py,
then

Py=1-11%" —D(l—n‘”). %)

2. Low-voltage APL

In this case, when ¥ <3+4, it is possible to account,
that V(s)=Vy=const and WF)=W({)=W,=
= const , so using (5) we find

K =i6131 [P+ Py (iOm lig - 1)], 3
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Fig.1. ‘The 1on tunctions ot low-voltage APL, recerved
by the numerical solution (I11) at ig,x =50,

k=3/2 and w=2. Solid lines are plotted at
D=0, dotted - at D=-0.5, and dash-dotted - at
D =0.5. Groups of curves 1, 2, 3 and 4 correspond

to transparences I1= 10'6, =09, M=0.99 and
IT=0.999, respectively.

iom =Vo [ Wy- )
It is known, that at the large energies of electrons
(V>>1) W(¥)=2 for every gas. At the small energies
we shall account, that W — o at V — 1. Therefore the
dependence HW(¥) can be approximated by the
expression W(V) =2V /(V —1). For dependence o(V)
we put a(V)=(V —-1)/V . Then using (9) we find

iom =W —-1)/2. (10
From (2) and (4) taking (8) into account we receive

N[ +igx)P+ AHP/dN = (P+ AYN + Nyt ), (11)

where x=B/a(Vy), and (N+Np,y) is defined by
(6); ioux=BVo/2>>1, A=P0(i01n lig "l)-

3. High-voltage APL

Let's consider, that in this case initial energy of
electrons is much greater than the energy loss for one
act of ionization ¥y >>W(Vy), that is approximately
Vo 210. We shall restrict voltages from above to the
requirement of applicability of approximation
a(V)=( -1)/V to within the coefficient =2. Then
Vg £50.

Obviously, in the high-voltage case it is practically
always possible to account, that primary electrons do
not transfer in slow group, and spend on ionization only
the energy, that is K(s)= K = const . In this case from
(5) we shall receive iy=(Vp-V,)/2-In(Vy/V,)/2,
where V, =¢(s,)/eq; ; €(s,) - average energy of an
electron beam leaving APL. Setting V, =1, we shall
have

log(Py)

Fig.2. The ion functions of high- voitage AFL, received
by the numerical solution (13) at ¥, =30, B=50,
k=3/2 and ®=2. Solid lines are plotted at
D=0, dotted - at D=-0.5, and dash-dotted - at
D =0.5. Groups of curves 1, 2, 3 and 4 correspond

to transparences [l = 107° , 1=09, MM=0.99 and
IT1=0.999, respectively.

iom = (Vo =1/ 2=1n(Vg)/2 =¥y /2. (12)
The basic equation determining the high-voltage APL
ion function, we shall receive from (2), (4), (5) and (12)
NoV)Py +igBP(V)HV 1dN = 2ig(N + Ny . (13)
where
PWY= RV -V, -InW 1V )J2iy . (14)
and (N + Ny, ) is defined by (6).

4. Conclusion

In high-current discharges there is strong "burning” of
gas in APL (IT<<l). Thus in ionization mode
(ig << iy, ) gas is kept near to cathode due to ionization
(P =1). In charge exchange mode (iy =iy, ) gas is
kept due to resonant charge exchange processes
( By << 1), and in the high-voltage case charge exchange
efficiency grows due to increase in APL thickness.
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